Objective: To determine gaps in knowledge and barriers to care for diabetic eye disease in Hispanic individuals in Baltimore, Maryland.
I
N RECENT DECADES THE PREVAlence of diabetes has been steadily increasing worldwide, and projections of the year 2030 indicate that the United States, along with China and India, will have the largest number of people with diabetes. 1, 2 The health consequences of uncontrolled diabetes and the repercussions for health care costs are immense. 3, 4 In the United States, diabetes is more likely to affect minority populations. 5 In 1 study, compared with non-Hispanic white individuals, the ratio of age-and sex-standardized prevalence of diabetes was 1.9 for Hispanic individuals and 1.6 for African American individuals. 6 Diabetes prevalence is expected to increase by 44% by the year 2020; this increase will disproportionately affect Hispanic persons, for whom the projected increase is 107%. 3, 5 This increase is especially alarming, as the Hispanic population is the largest growing minority community, with a population estimated to double by 2025. 7 Currently, 1 in 5 Hispanic persons older than 40 years has diabetes, and almost half have diabetic retinopathy. 8, 9 There is a suggestion that Hispanic individuals are more likely to have more severe signs of diabetic retinopathy compared with non-Hispanic white individuals, after adjusting for duration, 10, 11 but others have found no difference after adjusting for level of control. 8 The limited use of health care services inminoritygroupsmaymakethemmoresusceptible to the complications of uncontrolled diabetes. In addition, a substantial proportion of those with diabetes are unaware of their condition, although already presenting signs of moderate to severe diabetic retinopathy. 8, 12 The importance of appropriate and timely care for diabetic retinopathy or macular edema is paramount, as it is the leading cause of visual loss among working-age Hispanic individuals. 13, 14 As part of a project to create and evaluate novel methods of disseminating health education messages and materials on diabetes and diabetic retinopathy to the Hispanic community, we conducted a survey within a random sample of Hispanic persons living in Baltimore, supplemented with a convenience sample of Hispanic persons with diabetes. The purpose of this article is to report the gaps in knowledge and the perceived barriers to eye care for diabetic eye disease in the Hispanic community, according to the level of personal experience with diabetes.
METHODS

STUDY POPULATION
Twelve Baltimore city block groups with a proportion of more than 15% Hispanic individuals were identified from the year 2000 census; 8 were randomly selected. All houses in the selected block groups were screened for eligibility, defined as the presence of at least 1 self-reported Hispanic person aged 21 years or older. All Hispanic household members were listed and 1 was selected at random to participate. A total of 383 eligible households were identified, and of the randomly selected eligible members, 349 agreed to participate (response rate, 91%). Two women with gestational diabetes were excluded from this report, leaving 347 participants, of whom 18 had diabetes. The sample was supplemented with a cohort of 204 Hispanic individuals with diabetes identified at neighborhood clinics and health fairs in the Baltimore metropolitan area. The composition of the final group is shown in Figure 1 .
The research protocol was approved by the Johns Hopkins Medical Institutions review board and followed the tenets of the Declaration of Helsinki. After informed written consent was obtained, participants were asked to respond to an extensive questionnaire administered by a trained bilingual interviewer.
DATA COLLECTION
The questionnaire included 3 main sections: (1) basic demographic information regarding age, sex, education, literacy, and acculturation; (2) health and health care-seeking behaviors, such as overall health status, place of routine health care, medical insurance status, providers of health advice, difficulties that Hispanic persons encounter when seeking care, and places to obtain health information; (3) diabetes and diabetic retinopathy knowledge that included questions on the key points of knowledge of diabetes, diabetic eye disease, and appropriate eye careseeking behavior. In addition, if the respondent had diabetes, specific questions about his or her diabetes, such as type of medication, date of onset or diagnosis, and any diabetic complications such as renal or eye problems were asked. Questions were also asked regarding eye care-seeking behavior, specifically whether a dilated eye examination was performed in the past year and where the examination took place. Any prior eye treatment for diabetes or other eye conditions was also ascertained. A sample of the questions related to diabetes knowledge is shown in Table 1 . Questions related to knowledge were open-ended. Possible correct answers and incorrect answers were developed in advance, and the questions were scored for number of items correct and incorrect.
For analysis purposes, 4 groups were created: participants without diabetes and with no reported history of diabetes in their immediate family, participants with no diabetes but with a family history, participants with diabetes for 1 year or more, and participants with newly diagnosed (within 1 year) diabetes (Figure 1) .
For categorical outcomes, the 2 test was used to test for significant differences in participants' characteristics by group. For continuous outcomes (eg, age, duration of diabetes) significant differences between strata were evaluated using a t test. Logistic regression models were built to identify independent factors associated with knowledge of the vision consequences of uncontrolled diabetes and of having an eye examination within the previous 2 years for persons with diabetes.
RESULTS
The18 participants with diabetes identified in the crosssectional survey were compared with participants with diabetes from the convenience sample. The participants from the cross-sectional survey were an average of 4 years younger and more likely to be women (80% vs 40%). In terms of access to health care, the 2 groups reported similar rates of having medical insurance (35% vs 25%), a routine place to go for health care (61% vs 56%), and a dilated eye examination in the last year (28% vs 32%) for the crosssectional and convenience sample, respectively.
Characteristics of those with and without diabetes are shown in Table 2 . Participants with diabetes were an average of 13 years older and more likely to report fair to poor health. More than 86% of all respondents preferred reading Spanish, only 24% had more than a high school education, and less than a quarter reported having health insurance. The majority of respondents sought information about health from clinics, community centers, family, and friends. Only 5% of persons without diabetes and 2% of those with diabetes reported getting health information from written material or the internet.
More than 40% of the respondents did not have a routine place to go for health care, although this differed greatly by the presence or absence of diabetes (28% vs 57%, respectively). The mean age at diagnosis of diabetes was 41 years, with an average duration of 6.2 years ( Table 3) . There were significant differences by sex in the way diabetes was managed, as men were less likely to have ever visited an eye care provider than women (38% vs 55%, P=.01). About one-third of participants with diabetes reported ever using natural remedies for their disease, and 2% reported currently treating their diabetes with natural remedies only.
Participants with a duration of diabetes of more than 1 year or with a family member with diabetes had similar levels of knowledge about how to treat and control diabetes, with almost 90% giving all correct answers to the question "What can a person with diabetes do to treat and control diabetes?" In contrast, 69% of those without diabetes and with no family history, and 79% of newly diagnosed participants with diabetes gave all correct answers to the same question. The number of answers that a respondent was willing to give differed by group; 37% of persons who had had diabetes for more than a year stated 3 or more ways to keep diabetes under control, compared with only 20% of the group without diabetes and with a family history, 13% of the newly diagnosed group, and 10% of the group without diabetes and with no family history ( Table 4) . Respondents were less knowledgeable about the consequences of diabetes if the disease was not being controlled, with half of persons with diabetes for more than 1 year and 36% of newly diagnosed participants reporting knowing that uncontrolled diabetes could cause eye disease (Figure 2) .
We created a multivariate model predicting whether participants know that uncontrolled diabetes can cause eye disease. The 2 main factors were the length of time a person had diabetes, with the group who had diabetes for more than a year being more likely to know about diabetic eye disease, and having a family member affected. Those with newly diagnosed diabetes were no more likely to know that diabetes can cause eye disease than persons without diabetes and with no family members with diabetes. In addition, those who completed high school were 2.5 times more likely to know that diabetes can cause eye disease ( Table 5) .
Less than half of the participants who had had diabetes for more than 1 year and only 30% of those with newly diagnosed diabetes reported regular visits to an ophthalmologist as a way to prevent vision loss from diabetic eye disease (Figure 3) . Almost half of the participants who had had diabetes for more than 1 year and 79% of the participants with newly diagnosed diabetes had never had a dilated eye examination (Figure 3 ). We also examined the predictors of participants with diabetes reporting that they have had a dilated eye examination in the last 2 years ( Table 6 ). Older age, residing in the United States for 5 or more years, and having insurance were significantly associated with having had a dilated eye examination. Compared with those who were diagnosed with diabetes more than 1 year before the study, persons with newly diagnosed diabetes were much less likely to have had an eye examination.
COMMENT
The level of knowledge of the adverse consequences of uncontrolled diabetes was low: half of participants with a diagnosis of diabetes more than 1 year prior and onethird of newly diagnosed participants knew that uncontrolled diabetes could cause eye disease; a slightly lower but similar proportion reported knowledge of diabetes causing cardiovascular disease. Significantly lower proportions (32% of participants with diabetes for more than a year and 20% of newly diagnosed participants) reported that kidney disease could be caused by uncontrolled diabetes. The higher level of awareness of eye and cardiovascular disease compared with kidney disease was expected, as these complications are more frequently seen in persons with type 2 diabetes. 15 We do not feel there was bias resulting in higher levels of knowledge of eye disease as a consequence of diabetes, because all participants and interviewers were recruited through the Hispanic Apostolate, not through the Wilmer Eye Institute.
The lack of correct information about diabetes and diabetic eye disease in this population of Hispanic individuals should be of great concern. A classic approach to lack of knowledge is to increase awareness using health education materials. However, our data are consistent with findings in other studies that Hispanic individuals are less likely to use available diabetes brochures and other forms of educational materials because of the materials' complexity level. 16 Hispanic individuals with more than a high school education were more likely to report knowledge of the ocular morbidity caused by uncontrolled diabetes, suggesting that current diabetes health education efforts are only reaching the educated Hispanic audience. In our sample, 43% of persons without diabetes and more than 50% of persons with diabetes had less than a high school education, and less than 10% choose English as their preferred reading language. To reach the Hispanic community in Baltimore, it is first important for diabetes educational materials to be in Spanish, at a reading level that is compatible with the educational level of the majority of the target population. Second, distribution of the materials should be through channels that are easily accessible by the majority of the Hispanic community. In our study, less than 5% of participants reported getting health information from written materials (brochures, books, internet); the majority relied on verbal communication from health clinics, community centers, family, and friends. This is consistent with the findings of a study of diabetic retinopathy screening among Hispanics, 17 which aimed to increase awareness of diabetic retinopathy and compliance with eye exams. They found that the use of more personalized strategies such as phone calls, door-to-door visits, and flexible scheduling were more effective in increasing compliance than the passive distribution of educational brochures.
Lack of education also affects the likelihood that complication rates of diabetes will be higher. In a population-based study of Hispanic persons in Arizona, 12 the group with diabetes who had less education was more likely to have moderate to severe retinopathy compared with those with a high school education or more. In another study of older Mexican Americans, those with less than a high school education were more likely to report diabetes complications than those with a high school education; 38% of these complications were eye problems. 18 These results suggest that the lack of awareness of the consequences of uncontrolled diabetes may result in less metabolic control and higher incidence of complications. The American Diabetes Association recommends annual eye examinations for people with type 2 diabetes. 19 In our sample, 68% of persons with diabetes had not had an eye examination in the past year, and more than half had not had an eye examination in the previous 5 years. These proportions are similar to those of a study of a population-based sample of Hispanic individuals with diabetes in Los Angeles, 20 but very different from the results of other studies. In a study of Hispanic individuals in Arizona, 12 the reported rate of eye exams within the last 2 years was 70%. In national samples, the rates of reporting not having had an eye examination were 25% to 30%, and 34% to 43% for non-Hispanic white individuals and Hispanic individuals, respectively. 21, 22 The discrepancy between the national estimates for Hispanic individuals and our estimates for Hispanic individuals in Baltimore may reflect differences in the socioeconomic status of the group who participated in the national samples. Our sample was from Baltimore's inner city and composed mostly of individuals who had recently emigrated from Mexico and Central America. Also, the Hispanic population in Baltimore has few options for eye care professionals who serve their community in particular, and the data may reflect barriers to access.
Less than one-third of the newly diagnosed participants with diabetes knew that periodic visits to an ophthalmologist were important to prevent vision loss due to diabetic eye disease, and most had never had an eye examination. Although this group has been recently diagnosed, their contact with a health care provider did not result in knowledge of how to prevent or treat the potential ocular complications of diabetes. Moreover, of those with diabetes who reported visiting an eye care provider in the previous year, only 28% knew that an annual eye examination was recommended by the American Diabetes Association as the standard of care. These data suggest that target audiences for educational programs should not only include Hispanic patients with diabetes, but also their health care providers. In particular, diabetic clinics serving Hispanic patients should include bilingual health professionals who can explain the key elements of a successful diabetes selfmanagement program and follow-up care to their patients. 15, [22] [23] [24] Financial constraints are a major barrier to accessing health care. Independent of education level, noncompliance with treatment and annual eye examinations were strongly associated with not having health insurance, in our population as well as in others. 20, [25] [26] [27] The absence of coverage is not exclusive to the Hispanic community, but it would be instructive to see what can be done if such barriers are minimized. Successful approaches to meeting the American Diabetes Association standards of care for underserved Hispanic patients have been reported. 23, 28 A demonstration project in California aimed to improve diabetes care for underinsured, primarily Hispanic, patients. 23 This program included a case management nurse who was both bilingual and bicultural, group education, access to medication, and access to at least 1 free screening retinal examination. The ophthalmic services were performed on site, often the same day as a clinic visit. The results showed significant improvements in accessing clinical care, selfawareness, and understanding of diabetes. In particular, 90% of the participants in the intervention group underwent retinal examinations within 18 months of initiation of the program, compared with only 6% in the control group. Although the cost of routine care was higher under the program, there was an overall decrease in cost due to reduced hospital expenditures. 29 There are some limitations to our study. While we had excellent participation in the baseline survey, we supplemented the group of Hispanic participants with diabetes through convenience sampling, recruitment through local community clinics, and festivals. Thus, we cannot conclude that the group with diabetes reflects all Hispanic individuals with diabetes in Baltimore, or that their level of knowledge or reported practices is representative. However, our results are similar to other studies that have evaluated population-based samples of Hispanic individuals with diabetes in Los Angeles and Arizona, providing some evidence that our findings are not biased. Our data on eye examinations are reported rather than based on chart review, so they may be overestimates of dilated eye examinations, although we took care to explain what was involved in such an examination. This problem is common to all the studies reporting the previous history of eye exams.
The level of awareness about diabetes and what a person can do to control diabetes is reasonable in this population of Hispanic individuals. However, knowledge of ocular complications and how to prevent them was very low in the Hispanic community, particularly among persons with diabetes. Persons with newly diagnosed diabetes were especially at risk, having a lack of knowledge of diabetic eye disease similar to those without diabetes, with no family history, and with a low rate of ever having had an eye examination. The frequency of dilated eye examinations among people with diabetes was unacceptable, and places this population at risk of visual loss. These deficiencies need to be rectified with a culturally appropriate health education campaign, and with innovative ways to reduce barriers to health care. 
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